The main purpose of this paper was to analyze the behavior of coke in the blast furnace. The analysis of changes in chemical composition of coke due to impact of inert gas and air at different temperatures was made. By applying the FactSage three groups of substances can be distinguished. The chemical composition of blast furnace coke and the results of calculations of changes of chemical composition of coke heat treated under certain conditions were compared. The structural studies of these materials were presented. The results of the analysis of ash produced from one of Polish cokes was taken for consideration. This is not the average composition of Polish coke ashes, nevertheless it is representative of most commonly occurring chemical compositions.
Introduction
Coke contains approx. 1% of volatile substances and approx. 10% of mineral substances. So, it is legitimate to claim that the liberation of these volatile substances and a slight evaporation of the mineral compounds will occur under the blast-furnace conditions [1 -10] . As a fuel and an iron oxide reducer, coke performs also the function of a framework supporting the charge. However, in the lower part of the blast furnace shaft, the mechanical properties of the coke worsen. The change of these properties is affected by factors, such as [11] [12] [13] [14] [15] [16] : 1) gasification reactions; 2) thermal factors; 3) blast-furnace blast. These factors contribute to the formation of coke dust that densifies the primary slag thus making its flowing down difficult and also reducing the charge permeability. The thermal interactions reduce the strength of the coke due to the change in internal stresses in the structure. This is also associated with the presence of mineralogical and organic inclusions in coals subjected to coking. The thermal conductivity of the coke increases as its volatile matter contents decreases. As the volatile substances are released from the coke, a loss and a shrinkage of the solid part result, which leads to a reduction in strength [17] .
Methodology
By thermodynamic calculations, the chemical composition of the products of the reaction of interaction between coke ash mineral substances and elementary carbon, air and oxygenenriched air, as well as the behaviour of the coke at high temperatures under inert gas (argon) conditions were determined. The following calculation conditions were assumed:
• the reaction system is a closed system, [18 -21] . FactSage, a software program relying on the Gibbs free energy minimization method, was employed for calculations. The general form of the equation for the system's components (elements, stoichiometric compounds) takes on the form of the following expression [18] :
where: G m -free enthalpy of a component, SER m H -enthalpy of an element or stoichiometric compound in the standard state, i -integer denoting the number of multinomial terms, chosen so as to describe the properties of the phases as accurately as possible at a specific temperature T. For a multicomponent solution, the free molar enthalpy is described by the following equation:
where: -free enthalpy of pure components, resulting from their mechanical mixing (for a binary system, it is represented by a straight line; for a ternary systemby a plane); G id = RT Σ i X i · ln(X i ) -free formation enthalpy of ideal solutions; G E = RT Σ i X i · ln(γ i ) -excess enthalpy of mixing (the difference in formation enthalpy between the real solution and an ideal solution); R -gas constant, R = 8.314 J·mol -1 ·K -1 ; X i -molar fraction of a system component; γ i -coefficient of activity of a system element.
For multicomponent systems, we have:
where:
L ij , L ijk , L ijkl -parameters of energy interactions in binary, ternary and higher-order system solutions. To express the effect of chemical composition variation on the behaviour of the interaction parameters, the Redlich-Kister multinomial (a specific power series) should be used, as follows:
The interaction parameters, L ij , depend on temperature, and are normally described by the following linear relationship:
Optimization procedures relying on the least squares method, such as those of Gauss, Marquardt and Bayes, enable the determination of the values of the parameters L ij . For higher-order systems, they can be calculated based on the thermodynamic extrapolation of lower-order systems.
Based on these assumptions and equations, the gaseous and condensed phases for the pre-tuyère chamber model system were calculated. Figures 1 ÷ 3 illustrate variations in the concentrations of these phases in the following order: a) in an inert gas -argon, b) in air, c) in oxygen-enriched air (10%). It was noticed that with the increase in temperature, the gaseous phase fraction generally increased. The vapour pressure of volatile substances also increased. In the gaseous phase, the following three groups of substances can be distinguished: 1) compounds (elements) whose fraction increased with increasing temperature, 2) compounds (elements) whose fraction decreased with increasing temperature, and 3) compounds (elements) whose fraction stayed at a constant level with increasing temperature. The variations of the carbon monoxide contents of argon were contained in the range of 13.27÷124.64 g of working substance, while those of carbon monoxide contents of air, in the range of 1288.4÷1821.1 g of working substance and in oxygen-enriched air: 1713.7÷2554.5 g of working substance (Fig. 1) . The CO 2 contents behaved similarly, for the inert gas ranging from 2.41·10 -5 to 4.2·10 -2 g of working substance, while for air, from 4.27·10 -3 to 338.38 g of working substance and in oxygen-enriched air: 7.85·10 -3 to 574.01 g of working substance (Fig. 1) . The total variations in the nitrogen, oxygen and carbon content fractions of gaseous phases were contained in the ranges as below:
• for nitrogen in argon, from 2. Variations in the content fractions of selected metal element of the gaseous phases occurring in the three examined atmospheres is represented in Fig. 2 . With the change in the system temperature, the content fractions of those elements of the gaseous phases increased; for example, for silicon in argon, it changed from 2.83·10 -16 to 15.54 g of working substance; in air, from 2.98·10 -18 to 28.981 g of working substance; and in oxygen-enriched air, from 2.78·10 -18 to 28.981 g of working substance (Fig. 3) . For carbon, a greater variability in the content fraction of the condensed phase was found for the contact of coke with air and oxygen-enriched air than with argon. Moreover, the following compounds were found to occur: FeS, Fe 3 8 . This resulted from the variations of oxygen concentration in the inter gas, air and oxygen-enriched air and from the effect of temperature variations in the examined system. From the performed thermodynamic analysis of the variations in the contents of individual components of the coke + argon, coke + air and coke + oxygen-enriched air systems it was found that the most important volatile phase liberating from the coke at high temperatures was SiO contents of argon were contained in the range of 3.21·10 -16 to 4.25 g of working substance, while those of SiO contents of air, in the range of 4.55·10 -18 to 41.264 g of working substance and in oxygen-enriched air: 4.29·10 -18 to 42.59 g of working substance. It also turned out that there were much more (about 190) substances liberating from the coke.
Conclusion
The thermodynamic analysis of the variations in the contents of particular components in the coke + argon and coke + air systems found that the major volatile substance releasing from the coke ash at high temperatures in air was SiO. Moreover, it turned out that the number of volatile substances releasing from the coke is much larger (about 70). A lot of aluminium compounds, such as Al 2 O , Al 2 , AlC 2 , AlS, AlC and AlN, occurred here. The number of chemical compounds forming from the coke ash components during heating in a stream of gases at high temperature and of highly variable reductiveness reflect the large number of chemical reactions. These phenomena can also be largely responsible for the destruction and weakening of the coke structure proper.
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